INTRODUCTION
The prescription of benzodiazepines and related drugs including the z-drugs such as zopiclone and zolpidem (hereafter referred to as "benzodiazepines") for long-term use is very common in general practice (family medicine) worldwide. 1 While there are limited indications for use (e.g., alcohol withdrawal), benzodiazepines are used mainly as hypnotics or anxiolytics or for "off-label" indications. 1 Current Australian clinical guidelines recommend strongly against benzodiazepine use for anxiety (except "in exceptional circumstances"). 2 American chronic insomnia guidelines advise cognitive behavior therapy and discourage benzodiazepine use (as strictly second-line short-term use, if at all). 3 The rationale for benzodiazepine avoidance is principally benzodiazepine use being associated with Alzheimer's disease, worsening insomnia, falls, fractures, adverse drug interactions, pneumonia and other respiratory effects, deliberate overdose, increased mortality, and dependence. [4] [5] [6] [7] [8] [9] Physical dependence and withdrawal symptoms are associated with as little as 3-6-week use. 9 An authoritative systematic review found benzodiazepines to be associated with markedly increased mortality. 10 Furthermore, the evidence for hypnotic efficacy of benzodiazepines is unconvincing. 11 A particular concern is the increasing prevalence of, and overdoses attributable to, concomitant benzodiazepine-opioid use. [12] [13] [14] [15] Despite this, benzodiazepines are commonly prescribed. During 2013 in British Columbia, Canada, 14.6% of women and 8.8% of men had at least one benzodiazepine prescription. 16 In a Massachusetts primary care practice-based research network, 15% of patients received at least one benzodiazepine over a year. 17 Benzodiazepines are particularly problematic, 18 and the drug class most commonly classified as potentially inappropriate, for older persons. 19 Yet benzodiazepines are used by at least 17% of community-dwelling older Australians. 20 Prescribing patterns established in general practice can be long-lasting. 21 In a previous cross-sectional analysis of GP registrars' ("trainees" or "residents") prescribing, we found benzodiazepines were prescribed in 2.1% of all registrar consultations and comprised 2.2% of all registrar prescriptions. 22 They were prescribed in half of instances for either insomnia (28.2% of instances of benzodiazepine prescribing) or anxiety (21.8%), and in 0.7% for alcohol withdrawal, but also for many "off-label" indications. These data also demonstrated that registrars, inconsistent with guideline recommendations, prescribed benzodiazepines mainly as maintenance therapy, to patients with whom they were unfamiliar and to older patients. 22 In the current analysis, we sought to establish whether prescribing (and initiation) of benzodiazepines changes with early-career experience in general practice. We hypothesized that time (that is, increasing clinical experience) in a primary care setting as well as exposure to a clinical educational program would result in a reduction in benzodiazepine prescribing and benzodiazepine initiation by general practice registrars. In order to contextualize this analysis of "withinregistrar" changes, we also aimed to analyze temporal changes in overall benzodiazepine prescribing within the general practice training program in which the registrars trained ("withinprogram" changes).
METHODS
This was a longitudinal analysis of 12 rounds of data collection (2010-2015) from the Registrar Clinical Encounters in Training (ReCEnT) study.
Setting and Participants
Australian GP registrars' 3-year duration training program includes three compulsory 6-month general practice-based terms. 23 These terms are completed within an apprenticeshiplike model under individual experienced GP's supervision 24, 25 in small, mostly private, often geographically dispersed, general practices. The apprenticeship-based training is supplemented by regional training provider (RTP)-organized educational sessions 24 (a minimum 125-h face-to-face over the three terms) plus online education, informed by national curricula. 26 
ReCEnT
ReCEnT is an ongoing, multicenter cohort study of GP registrars' in-consultation clinical and educational experience. Prior to 2016, it was conducted in five of Australia's 17 RTPs. Geographically, the five RTPs encompassed urban, rural, remote, and very remote practices in five of Australia's six states. Individual RTPs contributed four to 12 rounds of data depending on their commencement in the project. ReCEnT documents GP registrars' in-practice clinical experiences and behaviors, including prescribing.
The ReCEnT methodology has been described previously. 27 Briefly, registrars complete paper-based case report forms (CRFs) recording details of 60 consecutive consultations at approximately the midpoint of each of their three compulsory general practice training terms. Registrars at one of the five RTPs also collected data during an optional fourth training term. For each patient consultation (that is, for 60 consultations per training term) patient demographics, clinical details and educational actions (see below) are recorded on the CRF. Registrar and practice demographics are documented each collection period via a registrar-completed questionnaire. The longitudinal methodology facilitates exploration of the epidemiology of registrars' practice and evaluation of the effects of educational interventions.
Outcome Variable
The primary outcome factor was whether a benzodiazepine was prescribed. Benzodiazepines were defined according to the Anatomic Therapeutic Chemical (ATC) Classification codes: N05BA (benzodiazepine derivatives), N05BE (azaspirodecanedione derivatives), N05BX (other anxiolytics), N05CD (benzodiazepine derivatives), N05CF (benzodiazepine-related drugs), N05CM (other hypnotics and sedatives), N05CX (hypnotics and sedatives in combination, excl. barbiturates). We did not include melatonin in our analyses as use of melatonin (while it is commonly used as a hypnotic) has very different implications to benzodiazepines, including a comparatively benign adverseeffect profile. 28 The secondary outcome factor was whether a benzodiazepine was initiated (that is, prescribed as a new medication). This secondary outcome recognized that it may be less difficult for a registrar to abstain from initiating a benzodiazepine than to decline to prescribe a continuing benzodiazepine previously prescribed by another GP in the practice or a specialist.
Independent Variables
The main independent variable of interest was time. The measure of time differed for the within-registrar analysis and for the analysis of temporal changes within the training program-the within-program analysis (see below).
Registrar variables were age, gender, country of primary medical graduation (Australian or non-Australian), and the RTP enrolled with.
Patient variables were age, gender, Aboriginal or Torres Strait Islander (Indigenous) status, non-English-speaking background (NESB) status, the patient being new to the practice, and the patient being new to the registrar.
Practice variables were rurality classification (major city, inner regional, outer regional, remote, very remote), socioeconomic index of the practice location, and billing policy (does the practice routinely bulk bill? That is, provide consultations reimbursed solely by government rebate, with no cost to the patient). Practice postcode was used to define the Australian Standard Geographical Classification-Remoteness Area (ASGC-RA) classification (the degree of rurality) of the practice location, 29 and to define the practice location's Socioeconomic Index for Area (SEIFA) Relative Index of Disadvantage decile. 30 Consultation variables were duration, whether the problem/ diagnosis was new, whether the problem/diagnosis was a chronic disease, 31 and whether the registrar sought inconsultation advice or information (from their supervisor or other resources, such as specialists, books, or electronic resources).
Problems/diagnoses addressed in the consultation were coded according to the International Primary Care Classification (ICPC-2). 32 
Statistical Analyses
The unit of analysis was individual problem/diagnosis managed, rather than consultation. Analyses were limited to consultations with patients 16 years or older.
The proportion of problems/diagnoses in which a benzodiazepine was prescribed was calculated with 95% confidence intervals (95% CIs), adjusted for clustering within registrars. The proportion of problems/diagnoses (excluding those for which a "continuing" prescription for benzodiazepine was made) for which a benzodiazepine was initiated was also calculated.
Temporal Changes in Benzodiazepine Prescribing and Initiation Within the Training Program ("Within-Program").
The variable "year" has been used as the time component for this analysis. "Year" took values from 2010 to 2015, inclusive. Year has been included as a continuous variable in all analyses, but is presented in the demographics tables as frequencies and percentages by year.
A mixed effects logistic regression model was used, including a random effect for registrar to account for repeated measures on registrars over time. In this model, the parameter estimate for the time variable "year" represents the estimated change per year in the odds of benzodiazepine prescribing, as a combination of between-and within-registrar effects.
Covariates were selected for inclusion in the multivariable model by screening each covariate for association with the outcome, using two separate models: (1) univariate-outcome vs covariate, (2) univariate (longitudinal)-outcome vs covariate + time.
"Within-Registrar" Changes in Benzodiazepine Prescribing and Initiation During Training. To assess the effect of time on individual registrars' benzodiazepine prescribing and initiation, conditional logistic regression was used with registrar included as a fixed effect to assess within-registrar changes in benzodiazepine-prescribing rates over time. The model included a time component, calculated from the registrar's term (Terms 1, 2, 3, or 4).
Covariates were selected for inclusion in the multivariable regression models by screening each covariate for association with the outcome, using two separate random effects models: (1) univariate, (2) longitudinal, with two terms in each model-covariate and time.
The covariates "Australian qualifications," "registrar gender," and "RTP" were constant within registrar (do not change within registrar over time). To assess whether these factors influenced benzodiazepine-prescribing practices over time, we included a term representing the interaction between each factor and time in models where either constant factor was included. The interaction term assesses between-registrar changes in the outcome over time. If the interaction term was not significant at p < 0.05, both the interaction term and the constant factor were not included in the final multivariable model.
In all multivariable models (within-program temporal change and within-registrar change-for both prescribing and initiation), covariates which had p values < 0.20 in at least one of the screening univariate models were considered for inclusion in the multivariable analyses. Covariates which had a small effect size and were no longer significant (at p < 0.05) in the multivariable model were tested for removal from the model. If the covariate's removal did not substantively change the resulting model, the covariate was not included in the final multivariable model.
All analyses were programmed using STATA 13.1 and SAS V9.4.
Ethics
The ReCEnT project has approval from the University of Newcastle Human Research Ethics Committee, Reference H-2009-0323.
RESULTS
A total of 1161 individual registrars (response rate 95.5%) contributed 2812 registrar rounds of data (including details of 136,809 individual consultations and 221,358 problems/ diagnoses in patients aged 16 or older).
The demographics of the participating registrars and practices are presented in Table 1 .
Frequency of Benzodiazepine Prescribing
Benzodiazepines were prescribed in 2598 (1.9% [95% CI, 1.83-1.97%]) consultations. Benzodiazepines were initiated in 702 (0.5% [95% CI 0.48-0.6%]) consultations (excluding those consultations where continuing benzodiazepines were prescribed). Further analysis was at the level of problem/diagnosis. Of all problems/diagnoses (n = 221,358), in 2632 (1.2% [95% CI 1.1-1.2%]), a benzodiazepine was prescribed, and in 708 (0.3% 95% CI [0.3-0.4%] of problems/diagnoses (excluding problems/ diagnoses for which a continuing benzodiazepine prescription was provided), a benzodiazepine was initiated.
The most commonly prescribed benzodiazepines were diazepam (44.6% of all benzodiazepines), temazepam (29.1%), and oxazepam (10.1%). The conditions for which benzodiazepines were most commonly prescribed (apart from "prescription renewal" as reason for prescription) were insomnia/sleep problem (26.7% of all benzodiazepines), anxiety (20.6%), and back or neck pain (5.3%). See Table 2 for individual benzodiazepines prescribed and the conditions for which they were prescribed. 
Temporal Changes in Benzodiazepine
Prescribing and Initiation Within the Training Program (Within Program) Univariate Associations of Temporal Changes in Benzodiazepine Prescribing and Initiation. In the primary and secondary analyses (of all benzodiazepine prescribing and of benzodiazepine initiation), results of the two covariate selection models showed good consistency across all covariates. The univariate associations of benzodiazepine prescribing and of benzodiazepine initiation are presented in online Appendix Table 1. In a univariate model including only the term for time, there was a significant decrease in benzodiazepine prescribing over time (
Multivariable Associations of Temporal Changes in
Benzodiazepine Prescribing and Initiation. Table 3 shows results from the final multivariable model with outcome "benzodiazepine prescribed." There was a significant reduction in benzodiazepine prescribing over time (p = < 0.001, OR = 0.94, CI = 0.90, 0.97; representing a 6% per year reduction). Figure 1 shows benzodiazepine prescribing year by year. Table 4 
Within-Registrar Changes in Benzodiazepine Prescribing and Initiation Within the Training Program
Univariate Associations of Within-Registrar Benzodiazepine Prescribing and Initiation. In the primary and secondary analyses of all benzodiazepine prescribing and benzodiazepine initiation, the results of the two covariate selection models showed a high (benzodiazepine-prescribing model) or good (benzodiazepine initiation model) level of consistency across all covariates. The univariate associations of benzodiazepine prescribing and of benzodiazepine initiation are presented in online Appendix Table 2 . In a univariate model including only the term for time (Term), there was a significant decrease in benzodiazepine prescribing over time (p = 0.043, OR = 0.95, CI = 0.90, 1.00). For benzodiazepine initiation, there was no significant change (p = 0.94, OR = 1.00, CI = 0.90, 1.10).
Multivariable Associations of Within-Registrar Benzodiazepine Prescribing and Initiation. Table 5 shows results from the final multivariable model with outcome "benzodiazepine prescribed." There was no significant change in benzodiazepine prescribing during training (p = 0.92, 
DISCUSSION

Summary of Main Findings
We found benzodiazepine prescribing by registrars to be frequent (in 1.9% of consultations and for 1.2% of problems/ diagnoses dealt with). Initiation of benzodiazepines was less common (0.3% of problems/diagnoses). While overall there was a significant reduction in benzodiazepine prescribing in our training program over time (by year) on multivariable analysis, there was no significant reduction in within-registrar prescribing over the course of their training. There was no significant reduction in initiation of benzodiazepines on multivariable analysis in either by-year or within-registrar analyses.
Comparison with Other Studies
We are unaware of previous studies in primary care trainees. Internationally, studies of overall trends in benzodiazepine prescribing are not consistent. For example, there has been decreased benzodiazepine prescribing from 2002 to 2013 in Ontario, Canada, 33 and a modest decrease in initiation (but not in continuing prescriptions) of benzodiazepines in France from 2006 to 2014. 34 In the USA, however, there has been an increase in ongoing benzodiazepine prescriptions from 2005 to 2012 35 and an increase in primary care benzodiazepine prescriptions for older patients from 2003 to 2012. 36 In Australia, however, there is good evidence for decreasing benzodiazepine prescribing. There was a modest reduction in prescribing (measured by defined daily doses) from 1998 to 2011. 37 Both incidence and prevalence of benzodiazepine prescribing in Australia decreased (by 41.2 and 18.2%, respectively) from 2007 to 2015 38 -a period and setting of direct relevance to interpretation of our study findings in GP registrars.
Strengths and Limitations
Our longitudinal methodology, unlike previous cross-sectional analyses, allows confidence that we have measured changes in prescribing and initiation of benzodiazepines during earlycareer/vocational training in general practice. These can be interpreted as reflecting effects (or lack of effect) of the training environment (practice) and/or educational program on registrars' prescribing behaviors. The large number of registrars providing detailed contemporaneous records of their individual clinical consultations provided us with adequate data to adjust for multiple demographic, clinical, and educational variables in our analysis. The response rate is particularly high for studies of GPs, 39 enhancing our study's internal validity. The study population from five of 17 regional vocational training providers (across five of Australia's six states and all degrees of rurality/ urbanicity) also provides good generalizability to the Australian GP training program.
A limitation of our study is that we do not have data on appropriateness or inappropriateness of individual prescriptions. While we have the registrars' diagnosis of each problem/ diagnosis encountered, and its demographic associations, we do not have further clinical contextual data. For example, we have data only on medications prescribed in the index consultation-we do not have data on medicine regimens (including opioids or other medicines that may be problematic in those using benzodiazepines). Similarly, while we have tightly linked data on the problem/diagnosis for which the benzodiazepine was prescribed, we do not have data on co-morbidities not addressed at the index consultation (for example, alcohol or other drug use). We interpret our findings, however, in the context of very limited indications for benzodiazepine use in contemporary practice 2 and of general acknowledgement of over-prescription of benzodiazepines as a major health problem in Australia. 40 A further limitation is the small number of consultations in (the non-compulsory) Term 4.
Implications for Clinical and Educational Practice
Our findings are of clinically as well as statistically significant year-by-year reductions in benzodiazepine prescribing (6% per year). The disparity between these overall training program changes and within-registrar changes in prescribing may reflect the primacy of the practicebased "apprenticeship-like" component of GP vocational training. 25 Our previous research in this registrar population 41, 42 has suggested that prescribing patterns of GPs within the registrar's practice and the practice-based "apprenticeship" model of training can be determinants of antibiotic prescribing. Furthermore, an educational intervention that concurrently targeted registrars and supervisors 43 produced a significant reduction in registrars' inappropriate antibiotic prescribing for acute bronchitis. 44 Thus, the temporal trend within the training program for registrars as a whole to prescribe fewer benzodiazepines year by year appears to reflect decreasing benzodiazepine prescription within the wider clinical environment 38 in which the apprenticeship model of training sits. This may plausibly be due to the incremental effect of continuing educational efforts to reduce benzodiazepine prescribing in the Australian GP population by organizations such as NPS MedicineWise and the Royal Australian College of General Practitioners. 40 A lack of reduction "within-registrars" as they progress through training may suggest a lack of effect of any current specific in-training education around the inappropriateness of most benzodiazepine prescribing. This specific in-training education may be delivered centrally by training organizations and in one-on-one scheduled weekly education sessions between registrars and their accredited supervisor (an The covariate "sought assistance" was no longer significant and had a small effect size in the multivariable model, and so was tested for removal from the model. Its removal did not alter the model so this covariate was not included in the multivariable model *NESB non-English-speaking background † For each minute of consultation time For each minute of consultation time experienced GP). This is of importance as, despite welcome temporal trends to less benzodiazepine prescribing in this and other Australian studies, inappropriate benzodiazepine use remains a major health issue. 45 Effective educational strategies for this topic should be prioritized. Joint or concurrent education of the registrarsupervisor dyad specifically addressing rational prescribing and barriers to discontinuation (e.g., teaching non-pharmacological management techniques, not just focusing on benzodiazepine harms education) and specifically seeking to change clinical behavior as well as knowledge is a potential approach. The efficacy of this approach has been demonstrated for other inappropriate prescribing (antibiotics for acute bronchitis) in this population. 43, 44, 46 CONCLUSIONS Despite a welcome temporal trend for benzodiazepineprescribing reduction from 2010 to 2015, this remains an area for rational prescribing improvement. Our findings suggest an opportunity for targeted education of registrars and their supervisors.
